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jLLTBRVABIA DISSASB8 07 CiSBAGB ASS) RBLAIED PLAHTS 

I. IflSBODUCSIOJI 

For a long time tho term "leaf spot** hae boon applied 
to aieeaaos, on oabbage and related plants, oharaoterised by 
ron^ly olroular Infeoted areas wltb pretty sharply defined mar- 
gins. Usually the term has been applied to diseased oonditittis 
supposedly due to Altemaria brassloae * Howerer, other speoies 
of Altemaria, and alto Maorosporitm, Bhopalidium, and Polydes- 
nas have been found on similar spots on the leaves of oxuoifer- 
ous plants; but with fev exoeptions these fungi have not re- 
oeired oritioal study, nor has the relation of the fungus as a 
possible oause of the spots on the leaTes been satisfaotorily 
defined in any of these oases* It is doubtful idiether the dif- 
ferent fongi found on leaf spot oan be distinguished by the un- 
aided eye merely from the appearanoe of the infeoted areas* 

II. PUBPOSB 

Beoause of the faet that the leaf spot ftmgi on oulti- 
rated oruoifere are not well understood from the morp^ologioal, 
the physiologioal, or the pathogenio standpoint, the writer has 
undertaken his researoh with the following objeots in riev: 

1. To determine whether leaf spot on eultirated oru- 
oifere in fisoonsin and neigjxboring states is due direotly to 
pathogenio fongi; and if so, to irtiioh ones. 

8. To determine whether the spots due to the attadks 
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on %hm l6ay*« of oultirated oraolfers by different Altamarias 
oan be assooiated with definite epeoies by the unaided eye. 

3« To determine, as far aa posaible, the geographi- 
oal range of leaf epot on onltirated oruoifers. 

4« Xo deaoribe the morphologioal oharaoteristios of 
the different Aingas apeoies asaooiated with these spots, rii. 
Altemaria brassioae . Maerosporium heroaleiun . and an nndeter- 
Bined Altemaria referred to in this thesis as Altemaria sp, 
- 6. To determine whether any or all of these fungi 
are the direot oause of leaf spot. 

6« So desoribe the physiologioal oharaoteristios 
of these fongi in onlture. 

7, So determine faotors farorable to infeotion and 
progress of the disease. 

8« So giro methods of inooulation of healthy host 
plants, and methods used in isolation of the organism. 

9. So determine as far as possible the host range 
of the abore fUngi. 

10 f So asoertaln the existing relations of these 
fangi to their hosts. 

11. So determine whether any of these fnngi are the 
direot oause of disease on oabbage in storage, and to secure 
OTidenoe regarding their eoonomio iinportanoe. 

IS. So seoure faots relatire to the longevity and 
OTerwintering of these fungi. 
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13. lo glT*, aa far a» posaible, control measarea 
for tha fan^l abore mantioned. 

Ill, BS7IBW 07 LIIERA!roK3 

Sha litaratura ralatlng to laaf apot diaaaaaa of 
oaltlTatad oruolfera la amall In amount, aoattarad, rathar 
oonfaaing, and of but littla Importanoa* Uoat of tha litar- 
atura on la*f apot holda Altarnaria braaaioaa raaponalbla 
for tha diaaaaa, but a olaar morphologioal daaoriptlon of 
tha fongua la altogathar laoklng. Iha oonfualon la Inoraaaad 
by applying tha nama Altarnaria braaaioaa to a larga numbor 
of fungi harlng almllar spora forma, and then attamptlng to 
dlatlngalah betwaan tham by rarietal namaa* Thla la arldantly 
due to a laok of oarafal morphologioal and phyalologloal atudy, 
othanrlaa mora of tha Altemarlas would ba dlTldad Into 
apaolaa. 

Bxoarpta from tha literature on the aubjeot of leaf 
apot are glren In the following pagea, followed by a oonpara- 
tlre digest. 

Hohnel, Prans r. (4) 

"Xhe original aample at tha herbarium of Uontagne in 
Parla oonaista of a faded leaf of Braasioae, upon whloh an 
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4 
abundance of 'blaoki8h--brown spots are found. So sort of a 
fruiting body of a fungus in the same or on other parts of 
the leaf are to be found. 

Montagne at first described this fungus as Puccini a? 
Braasioas t He says that the 200 to 250(i long, long-beaked 
spores invariably lie under the epidermis and that other spores 
too, more cylindrical, without beaks may be found. That the 
spores did not lie beneath the epidermis is evident from the 
fact that on the original sample no trace of spores is to be 
found. Bvidently they lay upon the epidermis and have been 
since the year 1828. During the 82 years of preservation of 
the original sample, which was not poisoned nor placed into a 
capsule, the spores were evidently eaten away by the booklice, 
which always takes place in case of Hyphomycetes. Had the 
spores been covered by the epidermis they would tmquestionably 
be present there today. Consequently the fungus is a brown Hy-- 
phomycete above the surface. If one now observes Montague's 
drawings of these spores it will be seen that plainly the fun- 
gus is an Alternaria or a Uacrosporium. 

•^If one compares leaves of Brassicae which are af- 
fected with Alternaria Brassicae with an original leaf affected 
with RhopalidiuiJ, one observes that the spots in both cases are 
identical. Structure, size, form, arrangement, and number of 
spots absolutely admit of no difference. Consequently every 
doubt is excluded that Rhopalidium Brassicae - Alternaria Bras- 



Digitized by 



Google 



Digitized by 



Google 



6. 
8ioae# In this speoias the length, form, and septatlon of the 
epores are rery Tariahle# Here ocour beaked, unheaked, spindle- 
form, oyllnder-form, short and long, also oross septate and mur- 
iform spores* Aooordlng to Montagne's aocotint of Hhopalldlum 
Altemarla Brassloae Saoo* var* maorospora Saoo. (Syll. Tung. 
17, p# 546) answer the description hest, which spores in size 
are 180*140 z 20-25^, and which present up to 11 cross septa 
and often one to two longitudinal septa. Howerer, the spores 
attain greater size, since Macrosporium herculeum Bll. and 
ICart. has spores up to 225^ in length and there is no douht that 
this form is identical to the one before mentioned. 

**After what has been said there can be no reasonable 
doubt that Rhopalidium Brass icae Mont, et Pr. s Alternaria Bras- 
lajicae rar. macrospora Saco.'* 
Ferraris, J. (8) 

" Alternaria brassicae Sacc. is a species very conmon 
on the leaves of herbaceous plants, and occurs on a direrse var- 
iety of them. Of these it is on the rariety exitiosa ( Polydes - 

K^hn. (i^ck*I Sacc. 

mus exitiosus ) with the conidial form Leptosphaeria na£i,^ox 

which we have spoken on p. 422, considering it an alteration in 
the form fructification differing from that on crucifers (Raph- 
anus, Sinapis, Brass ica Rapa , Brassica Hapus , etc.). 

"The type and variety Macrospora produce there a not- 
able disease of the leaves of cabbage and cauliflower of Cooh- 
learia Armoraoia and other crucifers, wild and cultivated. This 
disease manifests itself as round spots on the leaves, at first 
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amall, then Inoreasing up to a oentlmeter In diameter » ollya- 
oeous^ and with oonoentrlo zones » very distlnot, of a brown 
oolor« The myoellum develops In the parenohyma of the leaves, 
and, breaking out at the stomata with fasloles of oonidiophoree, 
develop large, olivaoeous oonidia, obclavate or fusoid, 
straight or slightly ourved, with transverse and longitudinal 
septa, and terminated with an appendage whioh is muoh more hya- 
line up to the point where another smaller oonidium may be in- 
serted* A third oonidium may be 4ttaohed to the seoond, and so 
on* The larger oonidia may measure 120-140 x 14-25u« The 
leaves attaoked by this disease are generally the oldest or 
lowest on the stem, and they dry out rapidly* ** 

The illustration shows two longitudinal septa in the 
larger or lower spore, and a small spore about one-fifth the 
length of the larger spore at the end of the beak* The beak of 
the larger spore is about the length of the spore proper* 
neither the. description nor the illustration indioates that the 
fungus Ferraris had in mind is the same as the fungus conmon on 

our oultivated oruoifers known as A* brassioae * 

689: 
Referring to other fungi Ferrarisaays on p*^ Maoros - • 

porium oommune Rabh* and Maorosporium saroinula Berk, are two 
very common saprophytes whioh are also able in certain oases to 
exercise a parasitic action on organs of herbaceous plants (as- 
paragus, onions, garlic) causing on the organs attaoked a char- 
acteristic ring effect. They are conidial forms of Pleospora 
herbarum* 
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Hollrung, M, (B) 

^Aooording to obaervatlons made by Ferraris there 
appears a disease on Phaeeolus vulgaris var, nanus, irregular- 
ly distributed^ yellow in the beginning, later brownish-red, 
and oonfluent spots* Upon further progress it causes dying 
and falling of the leaves* On the latter there was found Al - 
ternaria brassioae forma phaseoli ?• Brun* By mioroscopio ob- 
servations Ferraris followed the myoelium in mioroscopio cross 
sections and the exit of the oonidiophores through the stoma ta. 
The affected parts became hypertrophied (normal leaf 130^« af- 
fected 240-250^ thick). Above all the palisade layer is much 
enlarged* The observer concludes that Alternaria is to be re- 
garded as a parasite* Favorable to the progress of the disease 
after its appearance several showers of rain fell« with a rise 
in temperature, in June to the middle of July* In the places 
when the beans were not exposed to the full sunlight the fungus 
appeared most abundant* Bordeatix mixture and ammonical copper 
carbonate were recommended as a remedy* A description of the 
fungus was giveoi^* 

Hollrong, M* (6) 

**The disease due to Alternaria brassioae var* nigres - 
cens manifests itself in the appearance of round spots on the 
leaves*'' 

^The appearance of the disease due to A* brassioae 
var* nigrescens may be retarded by the use of Bordeaux mixture, 
and likewise by the use of a solution of liver of sulphur* These 
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at the eama time serre as benefloial food material for th.e 
melons.** 

Sheldon, Jt L. (11) 

Leaf-mold or Blight ( Altemarla brassloae Tar» gl- 
gresoen8 )# 

''She foqgus whloh causes this disease produces yellow- 
lsh*brown spots on the leaves of muslmelon and ououmber similar 
to those produced by the downy mildew In color, but usually 
thicker, and with more or less distinct wavy markings* Ihere was 
scarcely a garden or field containing muskmelons which Z rielted 
where I did not find this disease # A field of muskmelons, i^Mra: 
the fungus was rery destructive, had a few hills of cucumbers* 
In ether fields where there were few hills of muskmelons among cu- 
cumbers the disease was found on the siiirtMilia* She Injury done 

to the cucumbers was in all cases slifjiit Upon inqulrj^rom a 

number of growers, I learned that while the yield is considerably 
lessened by the disease, the quality of the muekmelon is so poor, 
edpeclally of the last to ripen, and they are practically worth- 
less. This disease can be controlled to a considerable extent 
by spraying* As a means of prevention, it is not advisable to 
plant mui^kmelons on the same ground the second year^ Whether 
this disease will become as injurious to the cucumber, in the 
vicinity of Point Pleasant where cucumbers are grown for pickles, 
remains to be determined*'* 

Sorauer, Paul (12) 

'^Regarding an intensive appearance of A* brassloae on 
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oabbage plants, G« Aroangell says (in Bullett !• SoOt botan* 
Italiana; Firenae, 1898; 3. 160): 

^Ab early ae in the first half of April spores of the 
fungus manifest themselres in the cauliflower gardens of Bben 
von Casoina near Pisa* The parasite, however, did not confine 
itself to the leaves alone, but also showed black spots on the 
flower buds, on account of which the plants were refused on the 
market.** 

Sorauer, Paul (13) 

'^During a number of years the melon crops have occa- 
sionally been inferior, and at tiioes total failures. This is 
due to three causes, riz., attacks by Bacillus tracheiphilus ^ 
sometimes in combination with a Fusarium fungus; Altemaria 

brassicae . var. nigreseens ; €aid tip burn* Spraying with 

sulphur bums the leaves, weak Bordeaux mixture and lime sul- 
phur used as preventive measures against infection due to Alter- 
naria brassicae may be regarded as favorable." 

In the same volume, 1901, p« 232, is found a short 
article on Plant Diseases in Italy* The fungi spoken of as be- 
ing especially detrimental to cultivation are: Oycloconium ole- 
a ginum Cast, (on olive tree), Pusioladium pyrinum Puck. (on pear 
tree), Altemaria brassicae Sacc. f. nigresoens Pegl. (melons). 

The above is probably not the same as Altemaria bras - 
sicae usually found on crucifers. 
Voglino, P. (17) 

"Circular or irregular spots appeared on the leaves 
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of oaullf lowers, while the Inflorescenoe beoame yellow in a 
numher of places qnd then dried up upon turning hlaok. The 
same infection had appeared in the vicinity of Verona in 1901 
and was attributed to Polydesmus exitiosus Ktthn. which the 
author upon the evidence of his own culture identified as Alt- 
ernaria brassicae (Berk.) Saco* Sella •** 
Voglino, ?• (18) 

'^On the plants of cauliflower at Verona the author 
was able to identify the presence of Polydesmus exitiosus Ktthn. 
The size of the conidia and the number of orosswalls were not 
always comparable, as Ktihn, too, represented them in his draw* 
ings. 

''On the leaves of cabbage lit about the same time Al- 
temaria brassicae (Berk.) Saoc. was observed. His own cultures 
of both fungi and a study of the mycelium as well as finally ar- 
tificial inoculations confirmed that Pol3^esmus exitiosus and 
Alt ernaria brassicae are identical. Sella." 
Salmon, B« S« (11) 

Leaf Bpot of Cabbage and Broccoli - Myoosphae^ella 
brassicioola (Duby) Lindau. 

'^The fangus frequently found during the winter months 
on leaves of species of Brassica (in plate XVIII), is consider- 
ed to be the 'perfect stage' of a conidial form Phylltfsticta 
brassicae which causes a 'leaf spot' on Cabbage, Broccoli, and 
allied plants. Dr. M. C. Cooke in his 'Fungoid Pests of Cul- 
tivated Plants' says of this fungus: 'The mature stage of this 
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pest, in the form of SphaoroUa, la not reaohed until tha 
laavea hare lain some tlmo on the ground.* 

^^Obaerrations made at this college during February 
and Ifaroht 1914, show that this statement requires modifioa- 
tion» for in some oases the Sphaerella (or Ifyoosphaerella) 
stage with mature asoospores haw been found on living green 
leares of cabbage and brooooli* On one oooasion, while examin- 
ation of the fruit bodies was being made under the miorosoope, 
the asoi were seen to elongate and eject the asoospores* The 
spores as shown in 7ig« 2 are two-oelled, spindle -shaped (fusi- 
form), with rounded ends, and with a slight constriction at the 
septum; the septum is medial, but as a rule one cell is slight- 
ly broader than the other* 

**The7 are usually thrown out in rapid succession, 
though sometimes a few seconds elapse between the ejection of 
one spore and that of the next* While the process was under ob- 
serration, one spore was caught at the middle where the con- 
striction occurs, by the partial closing of the pore of the as- 
cus, 80 that one of the two cells of the spore was outside and 
the other inside of the ascus, it remained in that position for 
a short time but was eventually ejected* 

**areen leaves of Broccoli, with the mature stage of 
the fungus have been sent in from Clapham, near Worthing, and 
from Hancross, Sussex* Our correspondent from Hanoross writes: 
'I enclose some specimens of Broccoli leaves (variety. Late 
Queen) « The ''spot" appears in autximn and increases in extent 
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during winter, attacking all but the younger leavee of most 
of the Braesioae we grow; I hare not notioed it on- turnips. 
She diseaee is rery prevalent all over the neighborhood^ es- 
pecially in the allotments.'* 

''Living leaves on Broccoli and Cabbage obtained 
trom the College gardens were also found to have the Mycos* 
phaerella stage (with mature spores) on the diseased spots.** 
Stevens, Jf« L. and Eal.1, J# G« (16) 

Black mold ( Alternaria brassicae (Berk.) Saoc.) 

''The affected spots are nearly black, marked con- 
centrically, are circular, and are not definitely bordered, 
i« e« they shade off gradually into the surrounding healthy 
tissue* They enlarge sometimes to a»3 cm. in diameter. 
The tissue dries, becomes brittle, and often falls away, 
leaving ragged holes. 

''The general appearctnce of the spot as seen from 
above is pale green; as seen from the lower surface, shown 
in ?ig. 108, it is densely black, strongly contrasting 
with the white spots of the downy mildew lAiich may occur 
in association with this disease. The damage m^y be very 
great, in many instances resulting in the death of the 
plants or complete loss of their usefulness •'^ 
Stevens, ij". L. (14) 

A# brassicae (Berk*) Sacc. 
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"Oonldiophoros short, continuous, short-branohed, 
apioally equal, oonldla elongate, fusoid, olarate, 60-80 z 
14-18|L, 6-8 muriform septate, olivaceous. On craoifers." 
St areas, ?« L. (16) 

"U, herouleum B* & U, Aisphigenous, on rounded, 
grey spots; oonidiophores erect, oespitose, flezuous, brown, 
few septate, 70-80 x fi|i; oonidia broirn, multiseptate, ola- 
rate, 200-285 X Sl-£6ii." 

"It causes leaf spot on turnips, horse radish 
and other cruoifers." 
Barter, L. L* (3) 

Leaf -Blight (Black mold) 

<*])e script ion.- Leaf blight is due to the fungus 
Altemaria brassioae (^erk.) Sacc, which may attack the 
plant at any stage of its growth. The regetatire part of 
the fungus lives in the leaf tissue of the host and under 
field conditions forms roundish black spots marked with 
concentric brown aones. 'ilhese spots vary from one-fourth to 
ane-half inch or more in diameter. The fungus may also live 
as a saprophyte and causes considerable damage to cabbage in 
storage houses. 

'^Control.- So prevent loss from this fungus in the 
storage house the following suggestions should be observed: 
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14 
(1) disinfeot the storage house by spraying the walls, benches, 
and bins with Bordeaux mixture; (2) exeroise oare in handling, 
so as to minimize injury to the heads; (3) maintain a tempera- 
ture 1 or 2 degrees abore freezing, and (4) keep the humidity 
as low as possible by proper rentilation of the hona^ith out- 
side air. 

^^Distribution and loss** Leaf blight causes consid- 
erable damage to cabbage and collards in this country and in 
Burope# The greatest loss to cabbage occurs in the storage 
house. The organ! am causing the disease is present in the 
houses under ordinary oondltlona, or it may ho carried to these 
with the oahhage when it goes into storage* It gains aooess to 
the tissues through wounds made hy hemdling and cutting or by 
following up the tissue killed by other organisms. In the pres- 
ence of plenty of moisture and a suitable temperature it derel- 
opes rapidly, forming an unsightly black mold over the heads." 
Rolfs. P. H, (7) 

"Leaf spot ( Alternaria bra»aicae ).- This is one of 
the minor diseases of cabbage, although at times it may cause 
much damage. It appeared rather severely in one locality on low 
damp soil. The fungus causing the disease spreads out from a 
definite point upon the leaf » and produces large, dark, irregu- 
lar spots, which later are covered with a felt-like coat of 
spores. The fungus may destroy the growth of the plant, or at 
a later time may destroy the leaves of the head so as to render 
it worthless for market." 
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B«8««7, C» B« (1) 

" Maoroeporlum heroxaetua B3.1i8 and Uartin. iUiiphlg«n- 
au8, on dark gray, round spots; hyphae sroot, brown, oasspitose, 
flszaous, sparingly septate, 70-80 x 6|i; oonidla brovn, olavate, 
maltlssptate with a few inperfeot lozigitudinal septa, 200-S25 x 
21-26|i« On leaves of Hasturtium Armoraoia. Jifewfield, S, J." 

Saooardo, P. (6) 

IteorosDorinm heroaletua Bll. and Mart. Amphigenous, 
spots sorted, gray, round. Oonidiophores ereot, tufted, flezu- 
ous, brown, with few septat 70-80|i. Conldia brown, olub shaped, 
many septate, few longitudinal septa, SOO-286 x 21-26^. On 
leaves of horse radish. Newfield, H. J.** 

Saooardo, P. A. (9) 

Alternaria brass ioae (3ierk.) Saoo. She h^hae are 
short and oontinuous, with short, equal branohes near the tip, 
tufted. Conidia oantenulate, soon deoiduous, elongate, fusoid, 
olavate 60-80 x 14-16^, at first oontinuous at length muriform, 
6-8 septate, olivaoeous. 

From the above review of literature the reader must 
oome to the oonolusion that there is a neoessity for a more 
thorough study of fungi oausing leaf spot on the garden oruoi- 
fers, not only bevause of the diseases of these plants but be- 
oause of amother faotor of equal importanoe, - the relation 
lAiioh the Altemarias may bear to fungus diseases on other 
plants. In order to make a study of suoh relations as may exist 
between diseases of plants of different genera it is of the ut- 
most importanoe that the speoies of fungus under oonsideratioa 
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b« definitely determined* Ho saoh determinations oan be made 
troa the abore literature. That the different speoiee of Alter- 
naria are not well nnderatood is well illnstrated in Hohnel'a 
artiole (4) where one would get the impression that Altemaria 
hrassioae Saoo., Rophalidium hrassioae 9r. et Uontagne, and Mao - 
rosporium heroulenm B. and IC. are one and the same fungus. 
These oonolusions are drawn from mere spots on leaves some 
eighty years old on whioh no spores were found, from the prelim- 
inary desoription of M. heroulenm . and from an inoomplete des- 
oription of A. hrassioae . 

Another illustration of the unoertainty of the identi- 
ty of these speoies of fungi is found in Sulla's artioles in 
2eitsohrift fttr Pflansenkrankheiten (17, 18), where what was sup- 
posed to be Polydesmus exitiosus was found to be Altemaria brae - 
sloae. Unfortunately the author gires no detailed desoription 
of the fungus. 

Another unfortunate feature of the literature is that 
in most oases the fungus is reported as being found on oertain 
plants, or as oausing leaf spot on oertain plants without giving 
definite proof of the pathogeniolty of the fungus. Many fungi 
may be found on plants without being the primary oause of the 
disease. As an illustration the artiole by Hollrung (6) may be 
oonslftered. Hollrung says that Ferraris found " Altemaria bras- 
si oae forma phaseoll " on Phaseolus vulgaris var. nanus, and that 
Ferraris oonoludes that the fongus muat be regarded as a para- 
site. However, Hollrung gives no experimental evidenoe upon 
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uhloh Buoh oonoluslon ia based, nor has ths writer been fble to 
find any literatare left by Ferraris whloh shoirs that If suoh 
oonoluslons were drawn they were based on experimental erldenoe. 

She literature regarding Maoroeporlnm heroalema is 
Tery meagre and Indefinite* Steyens (16) does not mention the 
myoellum, and in defining the oonldla says thay are mnltisep- 
tate but falls to state that they are marlfozm-septate* Saooar- 
do's (9) desoription is similar* Bessey (1) mentions imperfect 
longitudinal septa in the spores, but says the hyphae are spar- 
ingly septate* 

£he desoription of the spots resulting from the at- 
taok of the rarious fongi on the whole are misleading* The 
spots oaused by A. braesioae (Berlc.) Saoo* (4, 8, 17) are usu> 
ally giren as being from one-fourth to one-half inch or more in 
diameter, but the extremes are not mentioned* The oonfasion 
oaused by the omission of the extremes is illustrated by a quo- 
tation taken from a letter by I* C. Jagger, Roohester, II. Y*, 
who made a valuable oontribution to the writer's oolleotion of 
speoimens* The oontribution was made in three packages oare- 
fully labeled. Mr. Jagger says in part: 

"Speoimens No. 3 are the fine head spots, the outer 
leaves of the hard head which we observed at several places 
last summer. Specimens llo. S are very dark leaf spots which may 
be the early stages of Altemarla spots although I have consid- 
erable doubt." 

Without much difficulty, the writer, by the fragment 
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method, isolated A« traaaloae (Berk*) Saoo. from a utunber of 
spots of eaoh of the sainples No* 3 and fio* &, The faot that an 
ezperienoed plant pathologist like Mr* Jagger was In doubt as 
to the osase of the very dark spors on the leaves In paokage ]7o, 
2, and that apparently he had no idea that the small spooks on 
the leaves in paokage No. 3 were due to A« hrassioae suggests 
that the oooamon desorlptiona of the spots oaused by this fungus 
as they ooour in literature are misleading cuid do not serve the 
purpose* 

Shore is but little in the literature relating to the 
eoonomio iinportanoe of the leaf spot fungi. She following 
authors give rather vague data as to the seriousness oaused by 
various fungi attaoking oultivated oruoifers. Sorauer (12), 
Salmon (10), Stevens and Hall (16), Rolfs (7), and Harter (3). 
Harter (3) is the only author who suggests praotloal oontrol 
measures to prevent damage due to A. brass loae in storage. 

In a oommunloation reoelved from M. H* Vaughan, South 
Haven, Mioh., it appears that he is enoountering oonsiderable 
diffloulty in growing oaulif lower on aooount of leaf spot, at- 
taok of whioh is most serious between the time the young plants 
are transplanted euid when they are about half-grown. She dis- 
ease ooours almost yearly. C. M* Frey, aoting as oounty repre- 
sentative, states that B. Besaey, Eaat Lanaing, Mich., identi- 
fied the oauaal organiam aa A. brassloae . Ko serious trouble 
was experienoed in the groving of cabbage. 
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30URCS 0? UAfDBRIAL 

She writer is indebted to a oonsiderable number of 
men at ▼arioua experiment stations for material, ohlefly oab- 
bage leares, famished for the study of leaf spot* She fol- 
lowing are the ohief sources: Atlanta, Oa.; Ames, Iowa; 
Wooster, Ohio; Faxmingdale , Long Island; Roohester, S, Y«; 
Burlington, 7t«; llorfolk, 7a.; St. Paul, Minn«; ICorgantown, 
W* 7a« Proa Wisoonsin, samples were seoured from the fol- 
lowing plaoes: Madison, Raoine, Wausau, and Portage. Cab- 
bage leaves were also seoured from D« U« ferry Co., Detroit, 
Uiohlgan* 

Isolations were made by the spore dilution method and 
by the fragment method. In this way two speoies of Altemar- 
ia were seoured and given oritioal study. 
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MORPHOLOGY 

Alternarla TprasBloae 

Most of the leaf spot of oal3l3age preralent through- 
out a large part of the United States during the fall of 1915 
was evidently due to the fungus oorresponding olosely to Al- 
ternarla hrassloae as described by Saooardo i^^) and Stevens 
(16) # This refers to the fungus to whloh no variety name has 
been attached* From nine widely different sections of the 
country the same fungus was Isolated* 

Mycelium , The mycelium as seen In artificial cul- 
tures on potato agar Is at first hyaline, but after several 
days becomes slightly dark, and In time becomes dark brown* 
The mycelium Is 4 1jfO 6yi In diameter, much branched, grows to a 
considerable length, and septa occur at short Intervals* 

Qonldlophores * The conldlophores grow mostly, al- 
though not exclusively, at right angles to the mycelium* They 
usually, but not necessarily, arise near the tips of the hy- 
phae, or they may be terminal. Sometimes they appear nearly 
opposite one another. They are usually from 3 to 5tt In length 
and are then non-septate. However, they may attain a length 
of from 10 to 40M', and may be once or twice septate* The con- 
ldlophores are equal In diameter to the mycelium* They are hy- 
aline at first, but become dark brown with age. 

Conldia . The conldia vary greatly in forms and size. 
In length they may measure from IB to 90^I, in diameter from 6 
to ZBii. An average of the largest spores found on cabbage 



Digitized by 



Google 



Digitized by 



Google 



£1 

leaves secured from ten different sources in the fall of 1915 
was as follows: 

B« B. Eigglns, Bxperlment, Georgia 64*4 x 16«8(i 

C# L« ?itoli, Ames, Iowa 63.4 x 17.2 

J* G# Humbert, Wooster, Ohio 55f2 x 14*4 

A# At Johnson, Farmlngdale, Long Island 62 • 8 x 19 .0 
I# Cf Jagger^ Rochester^ New York 64*0 x 19.6 

B« L# Lutman, Burlington^ Vermont 65 « 4 x 15 ^O 

J. A. MoClintook, llorfolk. Virginia 65.2 x 24.0 

II« J, Glddings, Morganto^m, West Virginia 70 #8 x 15.4 
R# E# Vaughan, Racine, Wisconsin 67.6 x 14«4 

University of Wisconsin Experimental Plot 69.6 x 17.0 
?rom the al^ore it is apparent that It is useless to 
attempt to distinguish A# brasslcae hy spore measurements. It 
is equally useless to attempt to find an average with a view to 
guide the reader to distinguish the fungus from other Altemarias 
hy spore measurements # Suffice it to say that the largest 
spores average between 60-80 x 14-18^. When young they are of a 
uniform light brown color, but turn somewhat darker with age# 
The number of septa may vary from one to twelve. Murlform septa- 
tion )s common in old, well -developed conldla. The cross septa 
are usiially nearly at right angles and the longitudinal septa 
usually nearly parallel to the long axis of the spores. This is 
by no means universal, but these conditions prevail much more un- 
iformly in A# brasslcae than in many similar saprophytic Alter- 
narla. The cells formed as a result of longitudinal septi^tion 
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may In turn have cross septa « In form the oonldia are elong- 
ate, fusold, olavate; those having longitudinal septa are usu- 
ally large in diameter and diverse in form* They may be con- 
tinuous at first, or septate from the beginning as described 
below« The conidia can scarcely be said to have a bealc, al- 
though in exceptional cases the terminal cell is elongated and 
even septate so that a beak is present. They occur in chains 
of from five to seven, but more may be present. The chains 
may be branched. JProm one of the cells of one of the older 
spores, i« e« one of those near the conldiophore, a branch 
chain may be produced. Exceptionally two chains may arise 
from two very short texminal conldiophores as illustrated in 
?lg. 1 where a b^d suggests the beginning of one of two chains. 
This condition may be mistaken for a branch chain. 

Spore formation. Spore formation was studied as 
follows. One-half of the impression of a culture slide was 
filled with potato agar under sterile conditions and allowed to 
cool. A vertical cut was then made across the impression so as 
to secure a vertical surface, and the superfluous agar was re- 
moved. A small number of spores of A. brassicae were then 
placed at the upper margin of the cut agar surface and a sterile 
coverglass was placed over the top. The slide was then put into 
a petri dish which was placed at room temperature. 

Spore-formation commenced in forty-eight hours. Just 
how the first cell is produced from the conldiophore has not 
been observed, but there is reason to believe that it occurs by 
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the prooess of budding. The initial cell has been obeepyed un- 
der high power when it w»8 not more than one-third norioal size, 
and has repeatedly been seen to enlarge. At this stage of da- 
▼elopment the oell is hyaline and ovoid. This form is retained 
until the oell is full grown at which time it measures approx- 
imately ZOii in length and 12m. in diameter, but the size may rary 
oonsiderably. From the terminal end of the initial oell a hya- 
line, globular bud not more than ^ in diameter is thrown out* 
This bud enlarges rapidly, and in about an hour attains approx- 
imately the size and shape of the parent oell. The seoond oell 
throws out a bud at its terminal and,- hyaline, globular, and 
not more than Su in diameter. This bud ^too^ rapidly enlarges 
until it attains a size slightly smaller than the seoond oell. 
Meanwhile, the walls between the first and seoond oells are oom- 
presaed so that ohly a single oross-wall or septum is visible. 
The same thing ooours between the seoond and third oells. The 
first oell now becomes slightly yellow. The seoond oell in turn 
becomes slightly yellow while the first takes on a brownish 
tinge and may form a cross septum. The third oell then becomes 
slightly yellow while the second becomes brownish. The third 
cell finally becomes brownish with the exception of a small hy- 
aline spot at the terminal end, which has by this time become 
bluntly pointed. The spot, nearly hyaline, at the tip usually 
or at least very often, persists in the spore. The total time 
required for the formation of a spore, not including subsequent 
septation, is approximately four hours. 



Digitized by 



Google 



Digitized by 



Google 



u 

The seoond spore in a ohaln is formed as follows; A 
1)ud preoisely the same as those ahore mentioned is thrown out 
from the terminal end of the third oell of the first spore^ 
The hud enlarges, heoomas elliptioal in foim, turns slightly 
yellow, first at the proximal end and then gradually toward the 
terminal end, forms a oross septum near the oenter, heoomes 
bluntly pointed at the terminal end, and then turns hrown^ More 
septa may then he formed* It appears that the seoond spore 
does not as a rule attain as great a size as the first, and the 
same thing appears to he true of suhsequent spores in a ohain* 

The first spore on a oonidiophore is not always formed 
hy the addition of one oell to another by the prooess of huddizxg* 
This seems to ooour only when rigorous growth is taking plaoe* 
Otherwise the first spore is produoed as desorihed under the for- 
mation of the seoond spore# The rarious steps in spore formation 
are illustrated in tig. S# The oonidiophore at the end next the 
spore is rounded # This is also true of the proximal end of the 
spore # The point of attaohment is small. The same oonditions 
preTail between two spores in a ohain. The spores are not very 
easily broken apart when young, and they are rather firm when 
young ds well as when old. 

The escperienoe of the writer suggests that the young 
bud as it emerges from the terminal oell does not resume its 
growth tinder the mlorosoope when the light is passed through 
for a long time. When the mlorosoope. with the slide in posi- 
tion, has been standing in the dark, as in the mlorosoope ease. 
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the buds amerge froai the cell wall readily. The miorosoope 
may then he removed tiom the case for a few seconds and the 
process may he watched • In several cases the hud was perman- 
ently stopped in development when e3q)0sed to the light for two 
or three minutes. The hud emerges from the cell wall in ap- 
proximately three to six seconds. After the hud has attained 
considerable sise it is not so easily stopped in development. 
These statements regarding the effect of light should not he 
taken too seriously. More work on the subject is required to 
fozm definite conclusions^ 

Macrosporium herculeum 

A fungus which corresponds closely in description to 
Macrosporium herculeum B. and M. as described by Bessey (1), 
Saccardo (9), and Stevens (16) was isolated from a cabbage leaf 
from Wooster^ Ohio, from a cabbage leaf from the experimental 
garden of the University of Wisconsin, and from a rutabaga leaf 
from Wausau, Wisconsin. 

Mycelium . On potato agar, as observed by use of a 
culture slide under the microscope, the mycelium is much branch- 
ed, abundantly septate, and from 5 to Sm^ in diameter. Very fine, 
dark granule* appear in the mycelium from the beginning. Branch- 
ing of the mycelium takes place in a rather singular manner. 
The terminal end ceases in growth and a pear-shaped body nearly 
twice the diameter of the mycelium is formed terminally! the 
smaller end being next the mycelium. After resting for a periodof 
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about ten hours, two or three hranohes arise from the pear- 
shaped holy and continue to grow rapidly, ahout 60^ per hour. 
The enlargements are numerous throughout the mycelium. 

Oonldlophores # How the oonidiophores arise from the 
mycelium has not been observed^ A constriction appears in the 
conidiophore where it Joins the mycelium, the point of attach- 
ment being about half the diameter of the conidiophore. A sep- 
tum occurs in the mycelium on either side of the conidiophore 
as illustrated in Fig. 3. The oonidiophores are from 4 to 7ti 
in diameter, and slightly enlarged at the terminal and proximal 
ends. They may be straight, slightly bent, or flexuous, and us- 
ually from 70 to 160n in length. They are granular in appear- 
ance. 

Oonidia . The mature conidia as found in nature dig. 
4) are uniformly very light brown, davate, usually slightly 
curved, 9 to 12 septate, with occasional spores having one or 
two longitudinal septa. The proximal end of the spore tends 
to be bluntly pointed. Diverse forms of spores are occasion- 
ally found. The length of the conidia varies from about 80 to 
230ii, thou^ greater extremes may be found. The beak is ap- 
proximately equal in length to the spore proper. The average 
of the largest spores is 200 to 2B5tL. Very short spores, or 
spores without a beak, are seldom found. The diameter of the 
spores varies from about 15 to 30^l. the average of the larger 
ones being 21 to 26»i. They are rather fragile, and many are 
found broken. On a slide in a drop of water they are so eas- 



Digitized by 



Google 



Digitized by 



Google 



£7 

ily broken by a dlsaectlng needle # that their Identity may be 
destroyed. Some oonidia germinate readily in tap water, while 
others are slow to germinate # So other spore form has been 
found. 

Spore formation ^ On potato agar on a culture slide 
the young conidium appears at the end of the oonidiophore as 
an OYOid, granular bud whioh soon becomes elliptical, enlarges 
rapidly, and becomes constricted at the center. At the termin- 
al end the cell grows out into a beak. Gross septa are then 
formed in the conidium, and the outline becomes irregular due 
to constrictions where the s^ta meet the outer walls. The 
various steps in spore formation are illustrated in ?ig. 5* A 
conidium showing a longitudinal septum is shown in Fig# 6. The 
writer was able to obserre detailed spore-formation in only one 
case. Either the oonidia or the conidiophores seem to be heli- 
otropio. As spore formation proceeds the terminal end of the 
bud turns down toward the light when the culture slide is in 
position for observation under the microscope. 

Indications in culture are that the second spore in 
a chain is produced at the end of the beak of the. first spore 
by the process of budding t (Fig. 3j* Although aonsiderable work 
was done relative to this matter, the writer has not come to 
definite condlusions. However, long, elliptical, nearly hya- 
line, immature spores have often been seen at the ends of the 
first spore. Chains of two mature e5)ores wre common in arti- 
ficial culture, but more than two spores have never been found. 
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She b«ak of the eeoond epore is usually shorter than that of 
the first spore. Fig. 1. The writer is not aware of the for- 
mation of the second spore of a chain during the daytime, but 
he frequently found them in the morning. Chains of two spores 
hare also been seen on the diseased spot of a cabbage leaf ar- 
tificially inoculated and placed in a moist chamber. Conse- 
quently the fungus is in reality an Altemaria, and the name 
Altemaria herculeum is probably appropriate. 

Alternaria 3p . 

While studying the two species of Alternaria abore 
mentioned the writer frequently observed a third Alternaria ^ 
the spores of which closely resembled those of A. brasslcae in 
many respects« Though the search is not complete, the writer 
is inclined to believe that the fungus has not been described 
so as to distinguish this species from similar Alternarias. 
The fungus was isolated from leaves from several university 
plots, from several fields in the vicinity of Portage, Wis., 
and from material sent from Detroit, Mich. The hosts from 
which the fungus was isolated are: horse-radish, cabbage (Early 
Jersey Wakefield, Hollander, and Red), broccoli, collards, kohl- 
rabi, savoy, and Chinese cabbage. The fungus is especially 
abundant on horse-radish. In a number of cases on acidified po- 
tato agar pure cultures of this fungus were secured from spores 
taken from the diseased spots, and also from fragments from 
spots on which no conidia could be founds 
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Myoellnm > On potato agar on the oulture slide the 
myoelitm makes a profuse growth. The hyphae grow rapidly, 
about 40r per hour. At intervals the hypha stops in growth 
for a short time, forms an enlargement at the end, and fron 
the enlargeJBent a hypha at first rather snail in diameter con- 
tinues to grow in the same direction as previously. She en- 
largements are frequent throughout the myoelium and a septum is 
always present at the terminal end^ The different hyphae meas- 
ure from 3 to 7ki in diameter, hut the smaller ones grow larger 
as they become older. The hyphae taper gradually toward the 
free end. Frequently constrictions occur at the septa. Branch- 
es usually at right angles to the main mycelium, or nearly so, 
are numerous, and are at first small in diameter. The mycelium 
is granular from the beginning, gradually turns darker, and in 
a few days becomes gray. In nature the mycelium is rather long, 
abundantly septate, gray, 4 to 6ti in diameter, and contains en- 
largements at intervals. 

Oonidiophores . On the culture slide the conidiophores 
are usually flexuous, but may be straight. They may be equal, 
smaller, or greater in diameter than the mycelium from which 
they arise. They vary from 3 to 6ii in diameter, and from 12 to 
70tL in length. At first they are finely granular, but turn to 
various shades of brlawn within twenty- four hours. In nature 
the conidiophores are from 20 to 28|i long, 5 to 6^L in diameter, 
bent or straight. They are dirty brown in color, and arise in 
groups from the epidermis of the leaf. 
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Spore formation ^ On the culture elide on potato agar 
the oonldia appear to he produced frooi the conidiophores hy the 
prooesa of hudding. The hud, when ahout one-third the size of 
a mature oonldlum, appears finely granular. At this stage It Is 
OTOld in foim» It soon heoomes elllptioal, then hluntly pointed 
at the terminal end. Meanwhile^ one or two cross septa derelop. 
After this the terminal end grows out Into a slender heak about 
equal In length to the spore proper. The color of the spore 
then changes to various shades of light yellow, and more septa 
are formed,- cross and longitudinal. Fig. 8. A bud appears to 
be thrown out at the terminal end of the beak, which develops 
Into the second spore of a chain similar to the first spore. 
With age the color of the conidia becomes dirty brown, and fin- 
ally olive brown or nearly black. In the majority of cases the 
conidia do not possess a beak. She cause of the presence or ab- 
sence of a beak requires further study. When no beak is present 
the conidia are often ovate in form, large at the proximal end 
and gradually taper toward the terminal end. Pig. 9. In nature 
the conidia are clavate or ovate, with or without beak, murlform 
septate - the septa frequently being at an angle to the long ax- 
is of the spore -, 25 to 110 x 12 to 22ji, the largest ones aver- 
aging about 70 to 90 x 16 to 20m., in chains usually from five to 
seven. Side chains are produced, but they were usually found to 
be short. The conidia vary in color from light brown to olive- 
brown or nearly black when old. The olive-brown is the prevail- 
ing color. 
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BBLATIOJr or 1VB6U3 TO HOST TISSUB 

Xh« writer has not made omoh sttidy of the relation 
of the parasite to host. It aeema best at this point, howerer, 
to STmmarise what has been learned* 

Penetration of germ tube * In an atteoipt to determine 
how the myoelinm gets aooess to the leaf tissue, a series of 
oabbage plants for eaoh A« brassioae and II« heronletua was pre- 
pared. She plants were inooalated by plaoing drops of water 
spore suspension on definite marked areas on the uninjured 
leayes. At interrals of 24, 48, 60, 76 and 120 hours six inoo- 
ulated leaf areas of eaoh series were out out, three being 
plaoed in a vial oontaining equal psrts of glaoial aoetio aoid 
and aloohol, end three in a rial oontaining a saturated solution 
of ohloral hydrate. These rials were allowed to stand in the 
laboratory for ten or fifteen days, and the fragments were then 
exsained under the miorosoope. The oonidia of both fungi showed 
abundant germination and inf eotions were numerous. In no oase 
for either of the fungi was there a germ tube found whioh had 
penetrated through a stoma; nor was there any olear eridenoe of 
the penetration of the germ tube through the walls of a living 
oell or between suoh oells. The germ tubes were frequently 
found passing over the stomata, and there were no signs indicat- 
ing that they tended to seek these openings. It was frequently 
foxmd, in oase of both fungi, that infeotion had started beneath 
a spore or group of spores. In suoh oases the spores nearly air 
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ways Bhovod considerable, or almost oonplete, disintegration* 
Apparently some stAstanoe of a tozio nature associated with 
the decaying spores had killed some of the cells of the leaf 
and at the same time these host cell walls had been so changed 
as to allow the hyphae to penetrate the host tissae. 

Hyoelitua in the leaf tissne » In the leaf tissue the 
hyphae appe#r to lie between the cells, but do not seem to pen- 
etrate far beyond the diseased area Tisible to the unaided eye* 
Whenerer there is an indication of infection the identity of 
the cells is 80 far destroyed that the oell walls are scarcely 
distinguishable. Both fungi seem to hare this same effect on 
the host tissue. 

Bmerging of conidiophores . She writer has not ascer- 
tained how the conidiophores emerge from the host tissue in 
case of either of the fungi, nor has he made a persistent at- 
tempt to do so. from obserrations it does not appear that the 
conidiophores of either of the abore fungi under consideration 
arise exolusirely through the stomata. Apparently they may 
arise trcm any place on the leaf surface. At the time the con- 
idiophores appear the leaf tissues are usually so completely 
destroyed that the stomata cannot be distinguished from the sur- 
rounding cells. On a limited number of slides containing cross 
sections through minute areas attacked by A. brassieae it was 
found that the cells were totally destroyed where the infection 
had but little more than started. On the whole the writer must 
consider his work on this phase of research too incomplete to 
be satisfactory as a basis for final oonolusioni. 
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CULZURAL CHARACTERS 

Altemaria braseloaa 

Plata oulture8 # Alternarla braeaicae grows readily 
on aoldlfied potato agar# On plate oultures ooloniee beo(»ie 
▼Islblo in two days after inoculation* Ihe colony starts as a 
light-colored mass of myceliuni and makes rather rapid growth. 
On the third day after the plate is poured conidia may be seen 
at the center of the circular colony which is about one centi- 
meter in diameter. At this stage the colony with its young con- 
idia appears greenish-brown, but later becomes brown. As the 
colony enlarges conidia are formed farther and farther from the 
center so that the outer zone of spores is always about four 
millimeters from the margin of the colony. Meanwhile zonation 
takes place in the colony. (Fig. 1C|« When viewed from abore the 
surface of the colony appears densely covered with conidia* On- 
ly a few scattered mycelial hyphae at times may be observed on 
the surface. The agar is seen throu^ the bottom of the plate 
is not discolored. 

Tube cultures . The growth in tube cultures is very 
similar to that on the plate. In a week the entire slope is cov- 
ered with a uniform layer of light brown conidia. V/ith age this 
layer becomes darker and darker in color until in very old cul- 
tures it appears nearly black. The individual conidia are then 
olive-brown. In case of old cultures scattered grayish mycelial 
threads are usually found superficially over the lower half of 



Digitized by 



Google 



Digitized by 



Google 



34 

the 8lope« Potato agar Is not dlsoolored, and the mycelium 
does not appear to penetrate to a great depth. So constant 
hare been the oharaoterlstlcs In hundreds of tube cultures that 
the writer considers this to be the safest single method to dis- 
tinguish this fungus from other Alternarlas. The spores are 
readily removed from the slope with a needle^ and spore suspen- 
sions are made without difficulty. 

Iteorosporlum herculeum 

Plate cultures . On plates containing acidified pota- 
to agar as a medium the first colonies of Macrosporlum herculeum 
become risible In about five days. At first a few scattered 
white hyphae appear. This is followed by a dense, tough, pure 
white mycelial mat which becomes considerably raised above the 
surrounding medium. The elevated mat grows to be about three 
or four milllaetere in diameter, and from it white mycelial hy- 
phae radiate until they extend to about two centimeters from 
the center. A broad elevated ring around the center at a dis- 
tance of about one centimeter is formed. This ring consists of 
a dense^ tough, continuous mat of the same composition as the 
elevated central portion of the colony. 5tom the ring grow 
radiations of white mycelial hyphae extending to a distance of 
a*out two centimeters from its circumference (Pig. 11 )# #hen 
at a distance of about two centimeters from the center of the 
colony another ring as Just described is formed. This forma- 
tion of alternate radial rings and broad elevated rings may be 
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repeated a number of times If the medltun l8 not allowed to 
dry out* When the seoond ring is formed the mycelium in the 
elerfted central portion and the first ring beoome slightly 
grayish in oolor and the elevation beoomes lees. If the agar 
is allowed to dry out oonidia are produoed in from ten days 
to two weeks, more abundantly on the dense rings than between 
them. Howerer, if the plate is kept in a moist chamber no oon- 
idia are developed. The oonidia, when present, are close to- 
gether and more or less entangled in the mycelium. When viewed 
from above they appear as a very light brown layer which becomes 
somewhat darker as the colony becomes older. On the whble the 
colony is interesting as well as beautiful. 

Tube cultures * On potato agar slopes, growth is at 
first very similar to that on the plate. The surface becomes 
zonated by mycelial ridges. Spore formation begins about two 
weeks after ihoculation. The pure white mycelium spreads, and 
in about four weeks covers the entire slope. When conidia are 
first formed they may be removed with a needle for transfer or 
for spore suspension purposes. However, they soon germinate, 
and a white, tough, undulated mycelial mat forms over the top. 
The mycelium turns light gray to dark gray in portions, while 
in some spots it remains nearly white even in old cultures. The 
surface often becomes much contorted. Beneath the undulated my- 
celial mat, in old cultures, is found a tough, leathery layer, 
about two millimeters thick, which consists of a portion of the 
culture medium intermixed with a dense mycelium. The leathery 
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layer is usually bluish purple in color. Beneath this layer 
the soft potato agar to a depth of from five to ten millimeters 
is usually bluish purple, but sometimes the potato agar is 
brownish purple in oolor. The writer is not certain as to the 
cause of the difference in color, but it may be due to some 
variation in the culture medium* 

In case of old cultures the only place from which 
spores can be secured is at the top of the slope where the 
agar became dried out before the spores have a chance to ger- 
minate. Consequently old slopes are not well suited for mak- 
ing a large quantity of spore suspension. In fact, it is 
rather difficult to get a good spore suspension at any time 
for the reason that the mycelium is much interwoven with the 
oonidia. 

Alternaria sp . 

Plate cultures . On potato agar in plate cultures 
made from a spore suspension the colony becomes visible within 
forty-eight hours. The colony grows rppidly, attaining a diam- 
eter of about an inch in five days from the time the plate is 
prepared (?ig. 12). Viewed from above the colony is gray in 
color, and fluffy due to the long mycelium* When from two to 
four days old the agar, viewed from below, appears dark blue. 
When five or six days old the blue color at the center gives way 
to a gray color, but a bluish ring near the margin of the circu- 
lar colony is present. At this time radiations from the center 
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to the margin are noticeable* In oftse of older oolonles light 
gray masses of mycelium^ irregular in outline, form orer the 
top« The oonidia are produced beneath the fluffy mycelium and 
are not formed during the first three or four days after the 
plate is prepared* 

Tube cultures * In tube cultures on potato agar the 
growth of the fungus is very similar to that in plate cultures, 
a profuse grayish growth oorers the entire slope* After the 
culture is from tire days to a week old a dense dark layer be- 
neath the grayish mycelium contains countless oonidia* By 
picking apart a portion of this dark layer in water a spore 
suspension may be secured* The mycelium penetrates to a depth 
of about a centimeter into the agar which has been changed to 
a bluish c61or* 
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UrOCUMTIOH MD ISTBCTIOH 

Altemarla braeeloae 
Laboratory experiments 

On Deo# 10» 1915, a water suspension of spores of 
Altemaria brassioae, secured from the University of Wisoonsin 
•zperimental plot, was made. Two oabbage plants about five in- 
ches high in pots were treated as follows: Drops of the spore 
suspension were placed on the leaves on definite spots with a 
medicine dropper. With a flamed needle holes were pricked 
throu^ the epidermis of the leaf through the drop* Pour 
leaves on each plant were thus inoculated, each leaf in one 
spot* ▲ third plant was similarly treated^ distilled water 
being used in place of a spore suspension, to serve as a con- 
trolf One of the plants on which the spore suspension was used 
and the control were placed under separate bell Jars, the inside 
of the jars being al^rayed with water. The other inoculated 
plant was placed nearby, uncovered, in the greenhouse. 

After three days the plant placed under the bell Jar 
showed signs of Infection at the points inoculated. The areas 
about the needle puncture were brown. IJo infection was observ- 
ed on the uncovered plant, nor on the control* On the next day, 
four days after inoculation, the disease had made considerable 
progress in case of the inoculated plant under the bell Jar. 
The leaves were bent downward at the points of infection, and 
they showed wilt. The areas between the needle punctures in 



Digitized by 



Google 



Digitized by 



Google 



39 

the same plaoe of inooulation were entirely browned. A frag- 
ment frcci one diseased spot was examined under the mlorosoope^ 
and a large numher of spores, many In ohalns of two, were oh- 
served « Bight days after Inoculation a sucoessful attenqpt was 
made, hythe spore dilution method, to Isolate the organism. 

Bleren days after Inoculation the plant left uncov* 
ered, ^Ich up to this time showed no sign of Infection, was 
placed under a hell Jar after large drops of water had heen 
placed on the Inoculated areas. The Inside of the bell Jar was 
sprayed with water. Three days later there appeared Infection 
In three areas Inoculated. Six days after being placed under 
the bell Jar all four areas Inoculated were Infected, three 
areas showing diseased spots about one centimeter In diameter. 
Nine days after being placed under the bell Jar one spot meas* 
ured nearly two centimeters In diameter. This spot was charac- 
teristic of those usually produced by A. brasslcae . It showed 
Irregular concentric rings, was brownish at the center with 
abundant conidla, and had a light yellow margin at the border 
which shaded gradually Into the surrounding tissue. The lower 
surface was darker In color than the upper. On the whole, the 
spot was not as dark as Is usual on leaves In nature. The 
other spots were similar in appearance but smaller. The conidia 
were In chains on short conidlophores which grew in groups from 

the leaf. 

Another experiment was undertaken in which cabbage 

plants about five inches high in pots were employed, and were 
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treated as follows: A suspension of A> trassloae conidia in 
water was made from a strain secured from the University of 
Wisconsin plot« Abujxdant spores were assured by the use of 
the microscope* A rery small drop was placed on a definite 
spot of the leaf and with a flamed needle one whole was prick- 
ed. through the epidermis through the drop of suspension* 
Three such inoculations were made on each of four leaves* A 
second plant was similarly treated, hut the drops of auspen* 
sion were increased by adding distilled water with a dropper* 
A third plant r^as treated likewise, but distilled water was 
used instead of a spore suspension* This plant served as a 
control • The pots were then placed on window panes and cover- 
ed with separate bell Jars, a small amount of saturated cotton 
being placed under each* The chamber in which was placed the 
plant having small drops on the leaves was not kept as moist as 
the other two* 

In twenty-four hours the small drops of water on the 
leaves on the first plant had dried off. After two days the 
plant having the large drops of suspension on the leaves showed 
signs of infection, which appeared not only in the places 
pricked with the needle, but generally at the margins of the 
drops of water* Infection was indicated by small brownish 
spots* The plant having small drops of suspension placed on the 
leaves did not as yet show infection* Three days after inocula- 
tion this plant showed signs of infection in only three places. 

After six days from the time of inoculation the plant 
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rtoelTlng the large drops of suspension shov/ed spots from .5 
to 1 oentlnieter in diameter* The plant originally receiving 
the small drops of suspension showed spots • 2 to .3 of a oent* 
imeter in diameter in three places* The latter plant was re- 
moved from under the hell Jar and placed in the greenhouse. 

Three weeks after inoculation the plant originally 
receiving large drops of suspension and remaining continuously 
under the bell Jar with considerable moisture was in a very un* 
healthy condition. The leaves affected with A> brassicae were 
entirely destroyed. The plant was not kept any longer. The 
control plant up to this time showed no signs of infection due 
to A. brassicae . 

7our weeks after the time of inoculation the three 
small diseased spots on the plant originally treated with 
small drops of suspension appeared light grayish in color and 
resembled insect injuries, but a few very small spots in each 
of the diseased areas remained dark. The affected leaves were 
now the lower ones of the stem. The plant was very vigorous, 
thus showing that a diseased plant may recover in a dry atmos- 
phere. This also proved to be true in other similar experi- 
ments with A. brassicae . 

' A large cabbage plant originally intended for the 
production of seed pods, and which was growing from the ground 
in the greenhouse was inoculated as follows with a spore suspen- 
sion of A. brassicae secured from the University of Wisconsin 
experimental plot. From an atomizer a stream of water was di- 



Digitized by 



Google 



Digitized by 



Google 



48 



raoted against a definite spot on the leaf until the effect of 
the fatty material on the leaf surface was overcome and a drop 
adhered to the spot to be Inoculated* The tip of a medicine 
dropper was placed In molten paraffin and then allowed to cool, 
care being taken that the hole In the dropper was not closed* 
This was done In order to lessen adhesion so that a small drop 
of suspension might be placed on the spot selected for Inocula- 
tion* A small drop of spore suspension was then placed on the 
moistened spot of the leaf* In subsequent experiments this 
method was enqployed unless otherwise described* Three spots on 
each of two leaves were thus inoculated* The epidermis of the 
leaves was not injured by needle punctures or otherwise at the 
points of inoculation* The places inoculated were marked by 
dots of India ink about them* The plant v/as then covered by a 
chamber having three glass sides* The inside of the chamber 
was well sprayed with an atomizer, and a vessel containing 
water was placed in the chiimber* 

Pour days after inoculation there was evidence of in- 
fection because of small dark spots in the places inoculated* 
Nine days after ihoculation both of the inoculated leaves had 
dropped off the plant due to soft rot* Fragments were cut from 
the infected areas. They were treated for one minute in 1-1000 
mercuric chloride, rinsed in three changes of sterile w^ter, 
and placed on sterile potato agar in a petrl dish in an attempt 
to recover the organiem* The fungus developed from the frag- 
ments, and recovery of the organism was successful* 
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On Apr* 14 » 1916 , a kale plant about six Inohos hl^ 
and growing in a pot was inooulatad by placing drops of spora 
suspension of A. brassioaa on definite spots on sereral of the 
leaves, which were uninjured. The spores were of the strain 
secured from the University of Wisconsin experimental plot. 
The plant was placed in a moist chamber in the greenhouse* In 
the moist chamber was placed a saturated handful of cotton^and 
orer the top was placed a sheet of paper to prevent too high a 
temperature. In case an inoculated area became dry more water 
was supplied by means of a medicine dropper^ 

The moist chamber used was of a form especially suit- 
ed to the purpose, and was made by the writer* The framework 
was of white pine* The four corners were made of 1-1/2 inch 
timber, the inner corners being sawed out with a circle saw so 
that the thickness on each side was 7/8 inch* The four sides 
consisted of panes of glass 16 inches high and 14 inches wide* 
The top contained a pane of glass 14 x 14 inches* The accom- 
panying diagram shows the construction in detail* The moftise- 
and-tenon joints were glued* Strips of cypress were nailed 
around the bottom of the frame to give lasting quality* This 
sort of a chamber proved to be well suited for general labora- 
tory as well ad for field puiposes, and as a consequence sever- 
al more were made* 

Six days after inoculation there was evidence of in- 
fection on the kale plant in several of the places inoculated* 
Sixteen days after inoculation there were a number of diseased 
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spots on the leavas rasembling those due to A> hrasaloae . two 
of them being about two oentimeters in diameter* The spots 
contained abundant oonidia# By the spore dilution method re- 
oorery of the organism was secured. 

By methods rery similar to that Just described the 
writer kas succeeded in producing the disease on a large num- 
ber and variety of cultivated crucif ers by using spores of 
A# brass ioae isolated from cabbage leaves obtained from the 
University of Wisconsin experimental plot (J?ig. 13, 14). With- 
out experiencing any unusual difficulty reisolations were made 
from several varieties of cabbage - including red cabbage - 
kale, kohlrabi, and cauliflower. Spores are usually found on 
both sides of the diseased area, and infection may take place 
from the lower side as well as from the upper side of the leaf. 

£he writer was unsuccessful in getting infection of 
A. brassicae on red clover, cucumber, muskmelon, watermelon, 
and horse-radish, although these plants were placed under tha 
aame conditions aa cabbage and cauliflower planta, and at times 
in tha same moist chamber. 

In order to determine whether the Alternarlas re- 
ceived from the various states were identical 1;o A» brassicae 
Isolated from the University of Wisconsin e3q)erimental plot, a 
series of Hollander cabbage planta was inoculated. The leaves 
were uninjured. The same method described in the e3cperiment 
with the kale plant was employed. The plants were vigorous and 
fairly uniform in size, being about eight inches high in pots. 
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Four plants were placed under eaoh of two moist chambers, while 
the plant inooulated with the strain from the University of Wis- 
consin plot was placed in a separate moist chamber • 

Four days after inoculation there were signs of infec- 
tion on all of the nine plants representing nine strains. Ser- 
enteen days after inoculation spots which resembled those due to 
k. brassicae were not lacking on any of the plants. Ho notable 
difference in virulence, in progress of the disease, or in ap- 
pearance of the spots was manifest* Reisolations were made from 
all the different strains. Measurements from the spores on the 
leaves were made, and an average of the largest spores was as 
follows: 

Ames, Iowa 62.6 x 12. 8^ 

Wooster, Ohio 66.8 x 13.8 

Farmingdale, Long Island 70*5 x 14.4 
Rochester, New York 73.8 x 14.8 

Burlington, Vermont 70.2 x 14.2 

Racine, Wisconsin 62.2 x 13.0 

Uorfolk, Virginia 67.4 x 14.6 

Morgantown, W^st Virginia 60#5 x 13.0 
U. of W. experimental plot 68.6 x 14.0 
It will be seen that the average diameter of these 
conidia is not as great as the average diameter secured from 
spots on leaves in nature. This is due to the fact that the 
conidia are comparatively young and septation is not complete. 
On older spots secured by artificial inoculation conidia of 
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greater diameter may be found. Otherwise the oonldla of each 
strain were vary similar to those of the strain secured from 
the University of Wisconsin plot* To this strain the strain 
seoured from BSzperlment, Oeorgla}Was previously compared and 
found to he Identical* 

Field experiments 

During the summer of 1916 persistent efforts were 
made to secure Infections hy artificial Inoculations on cultl* 
rated cruciferous plants growing In the field* The following 
kinds of plants In considerable numbers were grown on the Uni- 
versity of Wisconsin experimental plot: Two varieties of early 
cabbage^ three varieties of late cabbage * Including red cab* 
bage -♦ caullflofwer, collards, kale, kohlrabi, broccoli, savoy, 
and Chinese cabbage* 

The sujnmer, which was very hot and up to the last part 
of July very dry, was, on the whole, unfavorable to the develop- 
ment of A* brass Icae as well as to a large number of other fungi* 
Although the work was begun early In spring and continued until 
late In fall, and every possible means was applied, no positive 
evidence of Infection due to artificial Inoculation can be given* 
Only during the fall when rainfall was abundant was the writer 
able to Isolate A* brasslcae from about a dozen spots, probably 
due to natural Infection, on cultivated cruolfers growing In the 
field. 
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Infeotlon in storage 

On Deo* 9, 1915» the outer leaves of four cabbage 
heads were oarefully remored. The leaves beneath were washed 
with a 1-1000 merourlo chloride solution, and these leares 
were in turn removed so that a clean, healthy leaf surface ap* 
peared* The four cabbage heads were then Inoculated by plao* 
Ing drops of an aqueous spore suspension on the leaves and 
pricking through the drops with a flamed needle* A clean 
piece of towel paper was then placed on each of four clean 
panes of window glass* Upon the towel paper was placed a 
clean cabbage leaf, and upon the cabbage leaf was placed the 
inoculated cabbage head* A small handful of saturated cotton 
was placed beside the cabbage head which was then covered with 
a low bell Jar* All four cabbage heads were similarly treated, 
except that the cotton in one case was Idss moist than in the 
case of the other three* 

The cabbage head in the bell Jar provided with a 
small amount of moisture and one of the others was placed in 
the greenhouse, the temperature ranging from about 17 to E4*C* 
One of the other two heads was placed in the cellar where the 
temperature varied considerably, but no data as to temperature 
were taken* The remaining cabbage head was placed in the lab- 
oratory refrigerator where the temperatxire varied from about 8 

to 12^*0* 

Jive days after inoculation the cabbage placed in the 
cellar and the one placed in the refrigerator showed slight 
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l>rowning at the points of puncture made by the needle. The 
two oabbages plaoed In the greenhouse showed oonslderable in- 
fection and the leaf tissues between the punctures *at the same 
place of inoculation were brownish due to a diseased condition* 
In the bell Jar in the greenhouse originally receiving the 
greater amount of humidity,, the humidity was increased at this 
time, #hile there was no addition of moisture in the case of 
the one having a smaller amount of humidity originally* 

Three weeks after Inoculation the cabbage in the 
greenhouse in the chamber kept the more humid was in a bad con- 
dition. One of the outer leaves was almost entirely destroyed 
by A* brassioae and by bacteria* The leaf beneath was Infected 
and showed a brownish spot about five centimeters in diameter. 
By means of potato agar plate cultures A. brassioae was recov- 
ered. This cabbage head was not kept any longer. 

The cabbage kept the less humid under the bell jar 
in the greenhouse showed large spots of infection. However, it 
was not so badly diseased as the former one. It was evident 
that much moisture favors the progress of the disease. 

Five weeks after inoculation the cabbage kept In the 
refrigerator showed a spot, circular in outline, about six cen- 
timeters in diamoter and almost covered with brown spores. 
Around this spot was a margin about one centimeter wide of a 
lighter color than the center and contained no spores (Pig. ). 
Whether this margin was due to the mycelium of A. brassioae , 
or whether it was due to bacteria was not determined. The dis- 
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eased oondltion of this oabbage olosely resembled that observ- 
ed on cabbages brought from Haclne, Wis. to the laboratory by 
Ur« R# B« Vaughan. 

The oabbage kept in the cellar also showed spots of 
infection several centimeters in diameter. However » the pro- 
gress of the disease was slower than under the conditions in 
the refrigerator. The experiment shows that in storage both 
moisture and temperature have considerable influence upon the 
disease due to A> brassicae on cabbage. 

Macrosporium herculeum 

Laboratory experiments 

On definite spots on the leaves of three cabbage 
plants in pots and about 7 inches high, drops of water were 
caused to adhere by directing a stream of water on the spot 
from an atomizer. Otherwise the leaves were untreated. The 
moistened areas on two of the plants were inoculated with a 
spore suspension of Macrosporium herculeum in water. The 
strain was secured from the University of Wisconsin experiment- 
al garden. The places inoculated were marked by dots of India 
ink. The third plant was similarly treated, but distilled wat- 
er was used instead of a spore suspension. The experiment was 
begun on Feb. 8, 1916. The plants were placed in separate 
moist chambers in the greenhouse. A handful of wet cotton was 
placed in each moist chamber, and was kept moist throughout 

the experiment. 
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Forty hours after inooulatibn there were visible 
signs of infection* This was indioated by small brown spots 
at the margins of the drops of suspension, Bi0it days after 
inoculation there were sereral spots on eaoh of the plants at 
the points of inoculation, some being from 5 to 8 millimeters 
in diameter. A number of spores whioh appeared to be those of 
!!♦ herouleum were found on one of the diseased areas. Fifteen 
days after inoculation some of the diseased areas were two cen- 
timeters or more in diameter. The spots were circular, grayish 
in color, and marked by concentric rings. They were bordered 
by a yellowish-green margin whioh shaded gradually into the 
healthy tissue of the leaf (Fig. .16). On some of the spots 
conidia were found, but they were comparatively few in number. 
The conidia were borne on straight or bent conidiophores, 25- 
32 X 5-6j4, vrtiioh grew from the leaf in small groups. Most of 
the spots contained no conidia. Isolation by the spore dilu- 
tion method on potato agar was successful. The control plant 
showed no disease due to M. herouleum . 

On the same day, Feb. 9, 1916, a very similar exper- 
iment was begun, the cabbage plants being of approximately the 
same size. The strain of IJ. herculeum , however, was secured 
from Wooster, Ohio. 

Forty hours after inoculation small brownish spots at 
the margins of the drops of suspension indicated infection. 
Bight days after inoculation the disease had made much less 
progress than that due to M. herouleum secured from the Univer- 
sity of Wisconsin es5>erimental garden »bove described, and this 
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oondition was notioeable throughout this ezporlment ae well ae 
in subsequent experiments. It appears that the strain of M. 
herouleum seoured from Ohio was not as virulent as that secured 
from Wisconsin, hut no tther difference was noticeable. Twenty 
days after inoculation only a very few spores appeared on some 
of the diseased areas^ while on others more were found. Isola- 
tion by the spore dilution method was attempted, but this was 
unsuccessful. 

Beginning on Uar. 2, 1916, the above experiments were 
repeat edf the same strains of M. herculeum being employed, and 
the plants being of about the same size. 

In general the results were the same as in the former 
experiments. As before, the strain of M. herculeum from the 
University of Wisconsin experimental garden was more virulent 
than that from Ohio. It was noticed in this experiment that 
the spots on the lowest leaves on the plants increased most rap- 
idly in size, while those spots on the uppermost leaves in- 
creased most slowly in size. This condition existed alike on 
the plants inoculated with the strains from Wisconsin and Ohio. 
As in the previous e:q>eriments, the spores on the diseased areas 
were comparatively few in niimber in case of both strains. It 
probably is on this account that the spots have a grayish ap- 
pearance, as the light brown spores do no^ cover much of the 
surface of the diseased area. Isolation of the organism by the 
spore dilution method on potato agar from the Ohio strain was 
successful, as was that from the Wisconsin strain. 
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At the time of year when the above experimentm were 
run the greenhouse was at a temperature of from 16 to ZZ^G. 
during the daytime, and usually considerably lower at night. 
With mild weather early in Maroh, 1916, came a rise in temper- 
ature in the greenhouse especially during the night. 

By a similar method of inoculation and similar subse- 
quent treatment of plantR as described above^ experiments were 
begun on Mar. 15, 1916, on the following plants in pots, the 
Wisconsin strain of M. herculeum being employed; Cauliflower, 
kale, kohlrabi, and watermelon. At no time was there any infec- 
tion on any of the plants. Sirailarly, on Mar. 19, 1916, the 
following different kinds of plants were inoculated with the 
conidia from the Wisconsin strain: Oiiuliflower, kale, kohl- 
rabi, and horse-radish. Up to June 7 no infection on any of 
the plants was noticeable. The tenqperature ranged from 18 to 
E3*C. in the greenhouse, it being comparatively high during the 
night. On Mar. £9, 1916, the experiment was repeated with the 
Wisconsin strain. The plants used were cabbage, kale, kohlrabi, 
and horse-radish. The results were all negative as before. 

On June 7, 1916, another atteiiq?t to secure infection 
with the Wisconsin strain warn made. The leaves of cauliflower, 
kale, kohlrabi, and horse-radish were inoculated in the usual 
maimer. The plants were placed in a moist chamber out of doors 
on the north side of the pathologium in the shade. At the be- 
ginning the temperature was 12*0., and cool weather with occa- 
sional rain prevailed for several days following inoculation. 
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The plants were sprayed several times during the erperiment 
to insure a high htimidlty. 

On the kohlrabi plant several spota due to U. herQu-> 
leum developed, and isolation by the spore dilution method on 
potato agar was sueoessful* Only one large leaf spot appar- 
ently due to U. herouleum developed on the kale plant • Conidia 
in small numbers were present, but isolation by the spore dilu- 
tion method was not suooessful* Ho infection due to this fun- 
gas developed on either the cauliflower or on the horse-radish 
plant* The above series of experiments indicates that a rather 
low teinperature is favorable to leaf spot on cultivated cruci- 
fers due to M* herouleum * 

On Dec* 18, 1916, the uninjured leaves of a cabbage 
plant about ei^t inches high in a pot were inoculated with a 
water spore suspension of a strain of M* herouleum secured 
from a rutabaga leaf from Wausau, Wis* The plant was placed 
in a moist chamber and subsequently treated in the usual manner* 

Infection was noticeable in three days after inocula- 
tion* The fungus seemed as virulent as the strafn secured from 
the University of Wisconsin experimental garden* A large num- 
ber of spots typical to those produced by M* herouleum develop- 
•A. Spores were found as usual on both sides of the leaf, hut 
they were not very abundant. Reoorery of the organism hy the 
spore dilution method on potato agar was suooessful* 
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fitld •zperiments 

Daring the atuomer of 1916 persietent efforts were 
made liy the writer to produce leaf spot due to U. herouleum 
on oultiTated oruoifera in the field. The work was continued 
from earl^ in the spring until late in the fall. The kinds of 
plants used for this purpose were the same as those used for 
experimenting with A. brassicae » Advantage was taken of all 
kinds of weather conditions as they appeared* In some oases 
moist chambers were used in the field. 

Ho infections due to M. herouleum were secured* Not 
a leaf spot, on any of the plants, which contained spores of 
M. herouleum was found in the plot as the result of artificial 
inoculation* No spots whatsoever were found in the plot which 
contained the spores of the fungus* 

Infection in storage 

Late in the fall of 1916 an wzperiment was run to 
find out whether it was possible for M* herouleum to do damage 
to cabbage in storage* The leaves of three cabbage heads were 
carefully removed so that a clean surface was presented* With 
a flamed needle several punctures were made in the leaf of the 
cabbage head in a definite spot/ Several such spots were thus 
prepared on each of the cabbage heads* A drop of water spore 
suspension tff M* herouleum was placed on the prepared spots on 
two cabbage heads* Sterile water was used to put on the pre- 
pared spots on the third cabbage head to serve as a control* 
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She oabl)age heads were placed on separate pieoes of window 
glass oovered by a olean pieoe of towel paper, and were then 
covered with low bell jars* They were then placed in the 
cellar cozmeoted with the greenhouse* 

▲bout three weeks after inoculation infection was 
evident on both the cabbages treated with the inoculum* About 
six weeks after inoculation each of the two cabbages treated 
with the spore suspension contained several diseased areas* On 
one of the cabbages one of the diseased areas was about six cen- 
timeters in diameter* It was light brovni with an abundance of 
conidia, and to the unaided eye appeared very like the diseased 
area due to A* brass! oae illustrated in Pig* 16* From conidia 
on this spot recovery of the organism v;as readily secured on 
potato agar plates* On one of the spots on one cabbage a dense, 
tough, elevated, pure white mycelial mat characteristic of the 
fungus, as described under the topic "cultural characters'^ and 
about two centimeters in diameter was observed* The experiment 
shows that the fungus may cause decay of cabbage in storage* 
The control cabbage showed no infection diJe to M* herouleum * 

Alternarla Sp * 

Laboratory experiments 

A cabbage plant, in a pot, about eight inches high 
was inoculated by placing drops of water spore suspension of 
Alternarla sp * on the leaves. The epidermis in areas of the 
spots Inoculated was injured by pricking it with a flamed 
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needle, while other areas were left uninjured^ The plant was 
placed In a moist chamher in the greenhouse as usual, the tem- 
perature ranging from 68 to 7E^P# Ho infection was observed. 

Another cabbage plant was similarly inoculated and 
placed in a moist chamber but was placed in another room of 
the greenhouse vrhere the temperature ranged from 75 to 80*F* 
Three days after inoculation infection was evident in the need- 
le punctures. The disease, however, made but little progress, 
and at the end of ten days nothing beyond an incipient infec- 
tion occurred. By the fragment method isolation of the organ- 
ism was attempted and was successful. Ho infections occurred 
where the epidermis was uninjured. 

A similar experinient was run in which one of each of 
the following plants was inoculated both in injured and unin- 
jured surfaces of the leaf: Cauliflower, kohlrabi, and horse- 
radish. The plants were placed in a moist chamber at 75 to 80* 
P. In three days after inoculation incipient infections occur- 
red on the leaves of the cauliflower and kohlrabi plants in the 
needle punctures only, but the disease made no further progress 
though the plants were allowed to remain under the conditions 
mentioned for two months. Uo diseased condition whatever due 

to AlternariSr>as noticeable on the horse-radish leaves. 
A 

On May 18, 1917, another attempt was made to secure 
by artificial inoculation spots on leaves of cultivated cruci- 
fers similar to those on leaves collected in the field. The 
plants used for this purpose were about eight inches high and 
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growing in pot»* Drops of spore suspension were placed on 
definite areas and the inoculated areas were marked by India 
ink* The inoculated areas on some of the leaves of each plant 
were left uninjured, while the epidermis in other areas was in- 
jured hy pricking with a flamed needle • The follo^ving differ- 
ent kinds of plants were used: Hollander cabbage, cauliflower, 
kohlrabi, ^tabaga, and horse-radish* The plants were placed 
in a moist chamber in the greenhouse* 

Incipient infections appeared in three days, after 
which the progress of the disease was slow* After ten days in- 
cipient infections in the areas pricked with the needle were 
numerous on the cabbage, cauliflower, kohlrabi, and rutabaga 
plants, but the horse-radish plant showed no signs of infection* 

The writer does not consider this Alternaria HS a 
parasite, but rather as a saprophyte which under certain condi- 
tions may take on parasitic habits. It appears that a high tem- 
perature favors its development, while only a fair amount of 
humidity is necessary* 

Infection in storage 

In the fall of 1916, the outer leaves of three cab- 
bage heads were removed so that a clean surface was presented* 
With a flamed needle several punctures were made in various 
small areas of the outer leaves* On these punctured areas 
drops of spore suspension of Alternaria sp* were placed in case 
of two of the cabbages, while distilled water v/as placed on 
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those of th« third oshbago which serred as a oontrol. The oah- 
hagas vera placed on elean paper on window glass, and each cab- 
bage was th«i ooTered by a separate, low bell Jar* The three 
bell Jars with their contents were then placed in the cellar 
connected with the greenhouse. Ho data as to temperature were 
taken, but .on the whole, it was rather high for a cellar. 

The cabbages were examined from time to time, but at 
no time were there any signs of Infection due to the fungus un- 
der consideration. Unfortunately, the experiment could not be 

t 

repeated. Bo definite reasons why the fungus failed to act as 
a saprophyte in this ease can be given, but the writer is of 
the opinion that the teisperature was too low to pezmit deyelop- 
ment. 
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LOHGBTITT 

^ternarla braaaloat 
OTarwlntarlng of aperea in the groand 

In ordar to datarmina whathar it ia poaaibla for tha 
oonidia of A# braaaioaa to anrriya tha wintar^ tha following 
taat waa mada# Tha laaraa of a yoang oabhage plant in a pot 
ware inooolatad with the aporaa of the Uniyersity of ffiaoonein 
at rain and plaoed in a moiat ohamber in the uaual manner. Af-- 
ter the leayea had dayeloped good dieeaaed apota with abundant 
oonidia, eeTeral of the leayea were remoyed from the plant and 
paoked one on top of the other# One olean, healthy leaf » aa- 
oured from a oahhage head^ waa plaoed on eaoh aide of the dia- 
eaaed leayea* Two thioknaaaaa of olean filter paper were then 
plaoed around the oahhage leayea, and tha whole waa aurrounded 
by two or three thiokneaaea of oheese oloth and bound together 
with a ootton at ring, thua malring a paokage about ten inohea 
equare and one and one-half inohea in thiokneaa* The paokage 
waa buried aeyen or eight inohea beneath the aurfaoe of the 
aoil in the uniyeraity garden on Noy. 22, 1916, and allowed to 
remain thare during the winter* The winter waa aeyere, the 
grlBund being frozen about two feet in depth. 

On Ifay 11, 1917, the paokage waa remoyed from the 
ground. The oheeae oloth ahowed oonaiderable deoay, but the 
filter paper was not muoh affeoted. The oabbage leayea showed 
oonaiderable disintegration, but the form of the leayes and 
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ao8t of th« 8u1)8tano« still remained. Spores of A« brassioae 
were found in almndanoe and in a good state of preserration* 
The nornal brown oolor vas not affeoted. A water suspension 
of oonidia was made, and hanging drop slides were prepared 
whioh were examined after twenty-four hours and again after 
forty-eight hours. It was found by use of the miorosoope that 
approximately twenty per oent of the spores had germinated* 
This seems to prore that the oonidia of A* brassioae are able 
to surrire the winter in the ground. 

Plates of potato agar oontaining tlie spores of A. 
brassioae were also made by the dilution method. An immense 
number of oolonies appeared. A. brassioae was isolated from 
the plates, and inooulations on eabbage leares were made in the 
usual manner. Infeotions were notioeable in three days and 
large diseased areas developed • 

Desiooation in relation of viability of spores 

lo diffioulty was experieneed in seouring agar slope 
oultures from oultures of A. brassioae whioh had been standing 
in the laboratory for months. This applies to all of the ten 
strains preyiously mentioned. While making inooulations, tests 
for Tiabillty of the spores were frequently made on hang drop 
slides, but at all times was the peroentage of spore germination 
found to be high. 

On May 23, 1917, plates of potato agar, oontaining 
the spores of A. brassioae secured from the Unirersity of Wis- 
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oonBixi •zperimental plot, w«r« prepared by the spore dilution 
method • She spores were taken from two different tubes whioh 
were made Deo* 16, 1915* On one set of plates made from the 
spores fr<»i one of the tube oultures a great number of oolonles 
of A, brassieae dereloped; on the other set of plates from the 
other tube oulture a fair ntimber of oolonles dsTeloped. It Is 
probable that the original ntimber of spores in the latter set 
was not so great as that of the former* It is oTldent that the 
oonldia of A* brass loae oan endure deslooation for a long time. 
In view of the faot that this fungus frequently llres 
on oabbage in storage as a saprophyte, that the spores may oyer- 
winter in the ground, and that the oonldia are able to endure 
deslooation for at least eighteen months, it is erident that the 
fongus enoounters but little dlffioulty in establishing itself 
year after year. 

Maorosporium herouleum 

Orerwlntering of spores in the ground 

In the fall of 1916, a oabbage plant about nine inohes 
high and growing in a pot was Inoonlated by plaolng on the 
leaves drops of spore suspension of M. heroxQ-eum of the strain 
Isolated from material from the Uniyersity of Wisoonsin experi. 
mental garden. The plant was then plaoed in a moist ohamber in 
the greenhouse as usual. Although a oonsiderable number of dis- 
eased areas deyeloped, only one lower leaf oontalned a spot on 
whioh oonldia were produoed in abundanoe, thus making the dls- 
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•ased area light brown in appearano« ratber than gray* Bjr tha 
sida of this spot and oonfluent with it appaarad oonidia whioh 
rasemhlad, and later proved to he, those of Altemaria sp. pre- 
Tionsly desorihed under "ooltural oharaoters"* She leaf was 
wrapped tip In a handle and huried in the University of Wisoon- 
sin garden on the same day and in preoisely the same way as 
desorihed for the leares of A» hrassioae . and upon removing the 
paokage from the ground on Hay 11, 1917, the state of preserva- 
tion of the leaf was praotioally the same* The lig^t hrown 
oonidia had retained their oolor* 

]>ue to the entanglement of the oonidia among the over- 
wintered hyphae it was almost impossible to secure what may pro- 
perly be oalled a spore suspension* Small pieoas of the leaf 
area containing spores of M* heroulaum ware placed on a slide 
and tern into fragments by use of a needle and scalpel* These 
outll fragments were suspended in water and placed in hanging 
drop slides* The oonidia did not germinate readily, but <ni the 
third day there was unquestionable evidence that about three 
per cent of the oonidia of M* herouleum had germinated, a few 
spores showing from two to four gem tubes* Due to the inter- 
twining of the overwintered mycelium with the oonidia it was 
difficult to tell with any degree of accuracy what proportion 
of oonidia had germinated, but the estimation was placed at 
about eight per cent* On account of the large size of the oon- 
idia of M« herouleum it is not likely that the writer has made 
a mistake in the species of spores which showed germination* 
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Xh« estperiment seems to prore beyond a reasonable doabt that 
this fongus oan overwinter in the oonidial stage in the ground, 
the faot that a few oolonies, from irtiioh the ftrngus was isolat- 
ed, appeared on potato agaor plates made ffom a spore suspension, 
or rather a fragment suspension, of the orerwintered leaf lends 
farther eridenoe that the fungus oan orerwinter in the ground* 

Sesioeation in relation of viability to spores 

At Tarious times during the two years of research the 
writer made transfers from tube oultures of M» herouleum whioh 
had been standing in the laboratory for months. No difficulty 
was encountered in securing growth. On Kay 28, 1917, plates of 
potato agar were prepared from the conidia of the strain iso- 
lated flram the University of Wisconsin experimental garden and 
from the Ohio strain, both of which were taken from tube cul- 
tures prepared on May 14, 1916. In both oases there appeared to 
be a lack of vitality of the spores, as development of the ool- 
onies was slow, nevertheless, several oolonies of each strain 
were secured on the plates. 

From what has been said regarding this fungus as a 
■aprophyte on cabbage in storage, the overwintering of the con- 
idia, and the time the conidia retain their viability in the 
dried condition, it is evident that the fungus has no unusual 
difficulty in overwintering. 
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Alternaria gp > 

Orerwintering of spores in the grotuid 

As preriouBly stated in oogimeotiou with MaorosporiTna 
heroulenm . spores whioh resembled those of Altemaria 8p » were 
found on the leaf at the side of the diseased area due to the 
former fo^gas* Upon removing the leaf from the ground in the 
spring some of the spores resembling those of Altay^yi^ ap. 
were plaoed in drops of water on hanging drop slides, and at- 
tention was giren to their germination* She oonidia which de- 
reloped germ tubes were few in number* Howerer, some of the 
plates prepared to test out the riability of M» herouleum de- 
reloped oolonies of Altemaria an, in very large numbers, and, 
being rapid growers, these oolonies had to be removed from the 
plate so as to allow those of M» heroiileum to derelop. 

Sesiooation in relation of riability to spores 

Jfo difficulty has been encountered in securing growth 
on potato agar slopes mi^de from spores from tube oultures of 
Alternaria an. irtiich had stood in the laboratory for weeks or 
even months* Nor did the spores taken from such oultures fail 
to produce incipient infections in wounds of the leaves of cab- 
bage and some other oultiTated oruoifers* 

Although the experiments relative to the longevity of 
Altemaria sp * are not sufficient to establish definite conclu- 
sions, the fact that the fungus was found in great abundance on 
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plates prepared troa orervintered material, the riability of 
the spores in old tube otdtures, and the faot that the fungus 
has been isolated in the spring of 1916 from spores found on 
orerwintered leaves lying on top of the ground, seems to es- 
tablish a fair degree of evidenoe that the spores have but 
little diffioulty in overwintering. 

OOtfTROL HBASUEBS 
Alternaria brassioae 

Ho definite oontrol measures for A» brassioae have 
been worked out by the writer* Herertheless , some suggestions 
may be offered. Sinoe the leaves of oultivated oruoifers are 
ooTered by a fatty ooat and therefore prevent the adhesion of 
liquids, it is doubtful whether Bordeaux mixture or lime sul- 
phur oan be suooessfully applied, loreover, the fungus may 
oause infeotion from the lower side of the leaf as well as troai 
the upper side, and sinoe it is very difficult to thoroughly 
oover both sides of the broad leaves with a spray this method 
of preventing the disease does not seem praotioal. 

From irtiat has been said regarding the fungus as a 
saprophyte on oabbage in storage, the overwintering of the 
spores tn. the ground, and the longevity of the spores in the 
dried oondition, it would seem that in looalities where the dis- 
ease ooours frequently on plants in the field the destruction 
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of all plants on which the fnngas is apt to ooour and the des- 
traotion of the remnants of oultirated oruoifers year after 
year should be helpfal in oontrolling the disease* Xhe molding 
of oahbage in storage oan probably be prerented if the sugges- 
tions by Barter (4) are carefully obserred: "(1) Disinfect the 
storage house by spraying the walls, benches, and bins with Bor- 
deaux mixture; (2) exercise oare in handling, so as to minimise 
injury to the heads; (3) maintain a teiqperature 1 or 2 degrees 
above freesing; and (4) keep the humidity as low as possible by 
proper rentilation of the house with outside air." 

Macro sporium hercul'eum 

Hothing has been disoorered upon whioh the writer oan 
base any conclusions regarding the control measures which may ap- 
ply to this fungus, but if the suggestions giren by Harter (4) 
are followed, M* herculeum will probably give no trouble in stor- 
age. The writer is of the opinion that II. herculeum will not 
cause an epidemic in the field unless the disease is spread by 
some other form of spores besides the conidia, because the con- 
idia are comparatively few in number and they are so entangled 
in the mycelium that they probably do not escape as readily as 
the conidia of most Altemarias. 

Alternaria sp . 

Although the fungus is rery common and is found on a 
large yariety of plants, the writer does not consider it to be 
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dangerous eoonomioally* Altemaria bp . appears to be a sapro- 
phyte ordinarily, but under oertain oonditions it may probably 
be oeme a wound parasite* ▲ limited number of oabbages seoured 
from storage and examined by the author showed no damage due to 
this fungus. The single experiment attampted by the writer to 
determine whether or not the fungus was able to oause deoay of 
oabbage in storage gare negative results* Oonsequently it is 
likely that no oontrol measures are neoessary* 
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8UML1ARY AID COITCLUSIOlfS 

From the eTldenoe aeoured during two years of re- 
searoh on the fongl above mentioned* the writer feels Justified 
to make the following statements: 

1# Although the literature relatlre to leaf spot on 
oultlTated oruoifers due to Alternarla and olosely related fun- 
gi is not extensive, the writer is inolined to helleve that 
such diseases exist in praotioally all humid regions of the 
oountries of Burope# In the United States the leaf spot caused 
by A» brassicae is eridently widespread in the states east of 
the Uississippi River, but the writer has no evidence that the 
disease is generally prevalent in the western states* 

Z. It seems unlikely that a means can be found to 
distinguish the various leaf spot diseases by the description of 
the spots as they are observed by the unaided eye* The so* 
called concentric rings reveal practically nothing. Such con- 
centric rings have been produced on potato leaves by Dr* L* R* 
Jones by applying strong fungicides, and he is of the opinion 
that the rings are the result of the unequal shrinkage in the 
drying-out of the tissue* Hfeither does the sisse or the color 
reveal the identity of the causal organism* After observing 
thousands of spots on leaves the writer is unable to distin- 
guish between those due to A* brassicae , M* herculeum , or pos- 
sibly to another unnamed Alternarla sp * She spots due to any 
one of them may vary from one or two millimeters (Pig* 14a) to 
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two oentlmoters or more (Fig. 14b) in diameter* while the oolor 
nay vary from li£^t brown to blaok* Apparently a maoh better 
way to determine the identity of the oausal organism with a 
fair degree of aoouraoy is to plaoe it in oulture on a standard 
medium and watoh for the most oonetant oharaoteristios. Suoh 
oharaoteristios oannot be absolutely relied upon, but they serve 
in a general way to giro valuable suggestions » and in oase of 
some of the Alternarias oomparatively rapid determinations oan 
be made* 

3* Xhe oonidia of A, brassioae may be formed in a 
rather singular meuiner. The first oonidium of the ohain is fre- 
quently formed by the addition of one oell to another by the 
prooess of budding until three oells are united to form one oon- 
idium* The seoond oell of a ohain is formed at the terminal end 
of the first by the prooess of budding* In oase of M* heroulenm 
the seoond oonidium of the ohain appears to originate from the 
terminal end of the first oonidium by the prooess of budding* 
In oase of the third Alternaria the first oonidium appears to 
arise from the oonidiophore by the prooess of budding* The seo- 
ond spore seems to be produoed from the texminal end of the 
first spore by the prooess of budding, and this prooess is ap- 
parently repeated in subsequent spores of the ohain. 

4* Of the leaf spot diseases whioh hare oome under 
the observation of the writer that due to A. brassioae was by 
far the most abundant and most widely distributed through the 
United States east of the Mississippi Rirer* A* brassioae must 
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\>0 ooiL8idered as a parasitet but it is not likely to oause an 
epidemio on oraoiferoua plants* Apparently this ftuigus may 
oauae considerable damage to growers of oaolif lower and cabbage 
on the growing planta as well as on cabbage in storage* M* her- 
culenm^ too, niast be considered as a parasite, but no reports of 
damage caused by this fangus are arailable, and apparently there 
is no danger of it causing an epidemic* Another undetermined 
Altemaria, here referred to as Alternaria ay ., was found asso- 
ciated with a definite leaf spot yery similar to that caused by 
A* brassicae * Shis fungus was found on the leares of cabbage 
and yarious other oultirated orucifers, but its pathogenicity 
is doubtfal* Hot weather with a fair degree of humidity seems 
to faror its development* 

5* Altemaria brassicae oauseit considerable damage to 
cabbage in storage* She outer leaves are oorered by a dark mold 
which greatly reduces the economic value of the cabbage heads 
affected* Macro sporium herculeum possesses the power to cause 
damage in storage, but thus far no serious damage due to the 
fangus has been reported* She fungus here referred to as Alter- 
naria sp * does not appear to possess the power to cause damage 
tn storage* 

6* Sanitary methods of farming are the only suggest- 
ive control measures in case of damage to growing plants in lo- 
cal areas* She methods for control of damage to cabbage in 
storage outlined by Harter (3) are probably practical* 
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7* Th# way in whioh the fangl above mentioned enter 
the hoet tissue has not been determined^ Apparently the hyphae 
do not penetrate the living oell walls # It seems likely that 
some tozio suhstanoe kills the oells and makes oonditions fav- 
orable to the penetration of the hyphae into the leaf tissue* 

6« It was found that the oonidia of A. brassioae ^of 
M» herouleum and of the fungus here referred to as Altemaria 
sp # oan« when protected by surrounding oabbage leaves , over- 
winter in the ground* In the dried condition the oonidia of 
A# brassioae were found viable after the cultures had been 
standing in the laboratory for eighteen months^ those of M# her - 
ouleum for twelve months, and those of Altemaria sp * for sever- 
al months* This shows that these fungi have no great difficulty 
in overwintering* 

9* Macrosporium herouleum was originally found on 
horse-radish, and Alternaria brassioae was several times report- 
ed as occurring on this plant. The writer, during the summer of 
1916, found the fungus here referred to as Altemaria S£. in 
great abundance on horse-radish. However, by employing the 
spores of these fungi the writer was unable to secure even in- 
cipient infections on this plant in the laboratory by artificial 
inoculations, although his efforts were persistent. 
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rigarea 1 to 3 and 5 to 9 are drawn approxioiately 430 diameterat 

Figure 1 




10X00 dPt?Pf, }Ha^/^Jfi^^ 



This figare shows rarioas lengths of oonidiophores» and 
in one oase two oonldlophores nearly opposite eaoh other, on 
the myoellum of k. bra88loae > In the lower part of the draw- 
ing it also shows a bud, on a very short oonidiophore, whioh 
is the beginning of a ohain by the side of a ohain of three 
spores, i'his drawing was made at 10:00 o'olook, and is one of 
the series made on May 12, 1916, shown in figure Z. 
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Pigure 2 
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This flgare shows oonldia formation of A# brassloae . 
the Tarious drawings « exoeptlng the last, being made at 
intervals of approximately one hour. A 10:00 o'olook 
drawing of the same series is shown in flgare 1« 
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rigare 3 




She figure showa a septum in the myoelium on 
either side of the oonidiophore of M# herouleum ^ 
It also shoirs at the end of the beak of the oonid- 
ium a bud, ^ioh is to develop into a seoond spore# 
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Figure 4 




This is a photomlorograph of a oonldium 
of M# herouleum ^ The oonldlum was somewhat 
plasmollzed* 
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Figure 6 




This figure showe apore fonoation of U. herou - 
leum* Xhe upper stage, 9:;iO A# M» , showB the oonld- 
lophore with a oonldlum reoently budded Arom the apexy 
having hyaline walls and granular oontent* The suo- 
oessive developmental stages follow until 1:00 P. M» 
when the oonidium was multioellular with walls beoom- 
ing light brown* 



Digitized by 



Google 



Digitized by 



Google 



71 gar o 6 






The figure shov^B a longitudinal septum In 
a oonldlum of Mt herouleum # It also shows length* 
enlng of the beak and septatlon In the same* 
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Vigare 7 




She figure shoirB a ohaln of two spores 
of U* herottlema as observed on the oulture 
slide. 
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Ilgare 8 




Ihia figure ahoira a portion of the myoel* 
itun, a oonidlophoret and a ohain of two young 
spores of Altemarla ep t At this stage the 
first spore is yellowish brown, while the seoond 
Is grayish or nearly hyaline # 
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figure 9 
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She figure ahoira various forme of conidia 
of Altemaria ep # aa obaerred in nature » aome be- 
ing OTOidal in form* 
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Figure 10 




The figure shows a oolony of A> bras - 
sioae six days after Inoculation, on potato 
agar, bearing abundant eonldla. 
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Figure 11 




The figure shows a colony of M# herou - 
leiun eleven days after inoculation, as yet 
without spores. Xhe photograph, being taken 
on a blaok background, represents the margin 
of the colony as somewhat dark, whereas it is 
uniformly pure white • 
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Tigare 18 




Xhe figure shows a oolony of Altemarla 
8P > eight days after Inoculation* Spores are 
being formed beneath the fluffy, gray mycelium* 
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Vigare 13 




Shis figure shows two pots of diseased oabbage plants, 
A» brassloae being the oausal organism* The left-hand ploture 
shows the centers of two Infeoted areas dropped out# This ef- 
fect is perhaps due to the work of aphlds whloh were purposely 
allowed to become numerous. The right-hand plant shows a bad- 
ly diseased condition in the leaf ^Ich is hanging directly 
downward, and in the leaf extending upward and toward the right. 
The leaf extending directly toward the left from the stem is 
affected at the Junction of the leaf and petiole, a favorite 
place of attack in case of young plants. 
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figure 14 a 




i'hls flgvre shows a cabbage leaf with one 
"typical spot" due to A> brassioae on the left* 
On the right-hand side of the midrib is an in- 
fected area, due to the aame fkingus, which shows 
a number of black spots less than pin-head size* 
(Enlarged about one-third )# 
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Figaro 14 b 
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The figure shovrs a oauliflower leaf oon- 
talnlng large diseased areas due to A# brassloae ^ 
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figure 15 




This figure shows a large brown spot on a cabbage 
head due to A# brassloae ^ She cabbage was kept In a 
refrigerator, and the photograph was taken five weeks 
after Inoculation. 
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JPigare 16 




This figure ahows two spots produced by 
M» herouleum resulting from artif ioial inoou- 
latlon# The photograph was taken from a dried 
specimen » and the small dark spots are not in- 
dications of infect ion# (Enlarged about one- 
half)* 
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